Introduction {#sec1-1}
============

Normal tension glaucoma (NTG) is a subgroup of open-angle glaucoma which showed progressive optic nerve fiber loss even with normal intraocular pressure (IOP). This accounts for at least 30% of patients with glaucomatous visual field changes,\[[@ref1][@ref2]\] A Japanese study even shows that 92% of patients with primary open-angle glaucoma have normal IOP.\[[@ref3]\] While the prevalence of open-angle glaucoma in Taiwan is about 2.68/1000 people,\[[@ref4]\] NTG could be a popular disease in Taiwan. Even though, its open-angle ocular structure, NTG shows some special features which could be distinguished from typical primary open-angle glaucoma, such as older onset age, more focal notching, more paracentral scotoma, and more disc hemorrhage.\[[@ref5]\] Furthermore, NTG shares some clinical features with progressive optic neuropathy and is thought as a special form of optic neuropathy.\[[@ref6]\]

Gene optic atrophy 1 (OPA1) is coding for a mitochondrial fusion protein and is related with hereditary optic neuropathy. Its polymorphism is thought to be related with NTG, but not with high tension glaucoma in recent studies.\[[@ref7][@ref8][@ref9][@ref10]\] In this study, we analyze the OPA1 intervening sequence 8 (IVS8) + 4 C-\>T, IVS8 + 32 T-\>C polymorphism in our patients with NTG in Taiwan. We try to find out the difference between OPA-1 wild-type and polymorphism glaucoma group by inspecting the structure and functional changes.

Methods {#sec1-2}
=======

Subjects {#sec2-1}
--------

This study is adherent to the tenets of the Declaration of Helsinki and is approved by the Institutional Review Board of the Changhua Christian Hospital. All subjects have written informed consent to participate. To focus on patients with typical NTG, we establish an inclusion criterion for this study as follows: open-angle structure, typical glaucomatous optic disc changes (enlarged optic disc cupping and glaucomatous neuroretinal rim loss), significant retinal nerve fiber layer (NFL) thickness loss, significant visual field defect (VFD), and normal IOP (10--21 mmHg).

Twenty-six eyes from 13 patients with NTG with criteria above were collected. Age of the patients was from 34 to 60 years old with the mean age of 44.62. The male ratio of included patients is 69%. Their ophthalmic clinical data which includes IOP (initial pressure and pressure under medication control), central corneal thickness, Logarithm of the minimum angle of resolution (LogMAR) visual acuity, refraction profile, pattern and degree of visual field loss, retinal NFL thickness, and cup/disc ratio from each patient were reviewed. The background data which include smoking, alcohol, diurnal, and nocturnal blood pressure, body height, body weight, and body mass index from each patient were also gathered.

Genomic DNA extraction and identification of optic atrophy 1 polymorphism {#sec2-2}
-------------------------------------------------------------------------

Blood of patients was collected from the antecubital vein and stored in K2-EDTA tube (BD, America). Then, the tube was centrifugation of 2500 rpm for 10 min to isolate the buffy coat. Genomic DNA extraction of buffy coat was performed by using Gentra PureGene DNA isolation kit (Qiagen, Hilden, Germany). PCR for amplifying the DNA fragment in the IVS8 of OPA1 gene was conducted in a final volume of 20 uL, which contained 20 ng template DNA, dNTP Mixture (2.5 mM each), ×10 PCR Buffer (contains 15 mM MgCl~2~), 5U of TaKaRa Ex TaqTM Taq polymerase (Takara Bio Inc, Otsu, Japan) and 5 pmol of primers (forward primer: 5\'-TCTGAAGTTCTTGATGTTCTCTCTG-3\'; reverse primer: 5\'-ACTGGATCCACTGTTTATAGCCT-3\'). Amplification was carried out in a condition with an initial denaturation at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing at 60°C for 30 s, extension at 72°C for 30 s and a final extension at 72°C for 5 min. To identify IVS8 of OPA1 polymorphism IVS8 + 4 C-\>T or IVS8 + 32 T-\>C. These include IVS8 + 4 CC (wildtype), CT, TT subgroups, and IVS8 + 32 TT (wildtype), TC, CC subgroups. PCR products were purified with Plus PCR Clean-Up Kit (GMbiolab Co, Ltd., Taiwan) to remove unincorporated deoxynucleotide triphosphates and primers. After purification of PCR products, the PCR products were sequenced by capillary electrophoresis on an Applied Biosystems 3130 Genetic Analyzer (Applied Biosystems). We compare the ophthalmic clinical data in each subgroup to identify the difference between each subgroup by using Pearson\'s correlation test and try to clarify the impact of IVS8 + 4 C-\>T or IVS8 + 32 T-\>C on the NTG pattern and severity. Two-tailed *P* \< 0.05 is considered to be statistically significant in this study. We also analyze background data and ophthalmic clinical data of included patients by using Pearson\'s correlation test to see if there is any relationship between their background condition and clinical glaucomatous features.

Results {#sec1-3}
=======

First, we check that if any included patients had OPA1 IVS8 + 4 C-\>T polymorphism. The results from all patients are negative; it indicates that all subjects are wildtype IVS8 + 4 CC \[[Figure 1](#F1){ref-type="fig"}\]. Second, we check the OPA1 IVS8 + 32 polymorphism and detect all three subtypes, OPA1 IVS8 + 32 TT, TC, and CC \[[Figure 1](#F1){ref-type="fig"}\]. We had 6 subjects are wild-type (TT), four subjects are TC type and three subjects are CC type \[[Table 1](#T1){ref-type="table"}\]. We also perform Chi-square goodness of fit test to determine if the population is significantly different from the exceptions of Hardy--Weinberg equilibrium. It shows that χ^2^ = 3.201 and the *P* = 0.202 with 2 degrees of freedom. As a result, the observational data support the hypothesis that the population is at Hardy--Weinberg equilibrium for the IVS8 + 32 polymorphism.

![The result of optic atrophy 1 polymorphism analysis](TJO-8-82-g001){#F1}

###### 

The characters of included patients and intervening sequence 8+32 polymorphism result

  Characters           IVS8+32   Total             
  -------------------- --------- -------- -------- --------
  Number of patients   6         4        3        13
  Number of eyes       12        8        6        26
  Sex (male:female)    4:2       2:2      3:0      9:4
  Mean age             47.50     43.50    40.33    44.62
  Body height          164.13    166.38   174.20   167.15
  Body weight          71.47     66.45    72.46    70.15
  Mean diurnal BP      96.83     97.75    104.50   98.89
  Mean nocturnal BP    95.08     96.38    98.50    96.27

BP=Blood pressure, IVS8=Intervening sequence 8

With three OPA1 IVS8 + 32 subgroups listing above, we compared their ophthalmic clinical data in each subgroup to address the impact of OPA1 IVS8 + 32 T-\>C polymorphism on clinical presentation \[[Table 2](#T2){ref-type="table"}\]. We assign OPA1 IVS8 + 32 C-polymorphism as a new parameter for Pearson correlation analysis, which is 0 for TT group, 1 for TC group and 2 for CC group. The result shows that OPA1 IVS8 + 32 C-polymorphism does not significantly alter the LogMAR visual acuity, average retinal NFL thickness, cup/disc ratio, and the mean defect of visual field exam.

###### 

The Pearson correlation analysis for optic atrophy 1 intervening sequence 8+32 polymorphism and the clinical presentation of normal tension glaucoma

  Clinical data                          IVS8+32 C-polymorphism           
  -------------------------------------- ------------------------ ------- ----
  LogMAR VA                              0.311                    0.122   26
  Nerve fiber layer mean thickness       −0.002                   0.994   26
  CD-R                                   0.130                    0.525   26
  VFD-MD                                 −0.123                   0.551   26
  VFD-central scotoma                    0.167                    0.414   26
  VFD-arcuate defect                     −0.123                   0.549   26
  VFD-nasal step defect                  0.470                    0.016   26
  VFD-temporal wedge defect              −0.296                   0.143   26
  VFD-other atypical peripheral defect   −0.210                   0.303   26
  NFL-nasal quadrant thickness           0.310                    0.123   26
  NFL-temporal quadrant thickness        0.053                    0.795   26
  NFL-superior quadrant thickness        0.012                    0.952   26
  NFL-inferior quadrant thickness        −0.331                   0.098   26

LogMAR VA=Logarithm of the minimum angle of resolution visual acuity, CD-R=Cup/disc ratio of optic disc, VFD=Visual field defect, NFL=Nerve fiber layer, MD=Mean defect, IVS8=Intervening sequence 8

Furthermore, we categorize the pattern of VFD into several genres, including central scotoma, arcuate defect, nasal step defect, temporal wedge defect, and other atypical peripheral field defect. We find that the result of OPA1 IVS8 + 32 C-polymorphism is significantly related to nasal-steps type VFD based on Pearson\'s correlation test (*P* = 0.016) \[[Table 2](#T2){ref-type="table"}\].

On the other hand, we analyze the pattern of retinal NFL thickness loss by comparing the average thickness in four major quadrants with OPA1 IVS8 + 32 C-polymorphism, which includes superior, inferior, temporal, and nasal quadrant. We find that OPA1 IVS8 + 32 C-polymorphism is correlated with the loss of inferior retinal NFL thickness loss relatively, even though this result is not statistically significant (*P* = 0.098).

If we compare the quadrant retinal NFL loss in a relative ratio form (specified quadrant retinal NFL average thickness/total retinal NFL average thickness), we could find that IVS8 + 32 C-polymorphism is significantly related with relative inferior quadrant NFL loss (*P* = 0.014) \[[Table 3](#T3){ref-type="table"}\].

###### 

The Pearson correlation analysis for optic atrophy 1 intervening sequence 8+32 polymorphism and the relative nerve fiber thickness of 4 quadrants over the mean thickness

  Relative NFL                      IVS8+32 C-polymorphism           
  --------------------------------- ------------------------ ------- ----
  Nasal relative NFL thickness      0.226                    0.268   26
  Temporal relative NFL thickness   0.191                    0.349   26
  Superior relative NFL thickness   0.001                    0.998   26
  Inferior relative NFL thickness   −0.477                   0.014   26

NFL=Nerve fiber layer, Relative NFL thickness=Specified quadrant retinal NFL average thickness/total retinal NFL average thickness, IVS8=Intervening sequence 8

Finally, we compare the background data of all the patients to see if there is any other significant risk factor to be correlated with NTG. We summarize these results in [Table 4](#T4){ref-type="table"}. We detect some interesting findings as below. (1) The severity of visual field loss (the mean defect of visual field) is significantly related with nocturnal systolic blood pressure, nocturnal mean blood pressure, central corneal thickness, and cup/disc ratio of the optic disc. (2) The degree of optic disc atrophy (average NFL thickness loss) is significantly related to body mass index, nocturnal systolic blood pressure, and cup/disc ratio of the optic disc. (3) Nasal quadrant NFL thickness loss is significantly related to nocturnal systolic blood pressure, nocturnal mean blood pressure, and cup/disc ratio of the optic disc. (4) Temporal quadrant NFL thickness loss is significantly related with the refractive profile. (5) Superior quadrant NFL thickness loss is significantly related with body weight, body mass index, diurnal systolic blood pressure, and diurnal mean blood pressure. (6) Inferior quadrant NFL thickness loss is significantly related with OPA1 IVS8 + 32 T-\>C polymorphism, age, central corneal thickness, and refractive profile.

###### 

The Pearson correlation analysis for clinical presentation of normal tension glaucoma and background factors

  Clinical presentation of normal tension glaucoma   Related background factors          *P*
  -------------------------------------------------- ----------------------------------- -------
  Severity of visual field loss                      Nocturnal systolic blood pressure   0.001
  Nocturnal mean blood pressure                      0.038                               
  Central corneal thickness                          0.038                               
  CD-R                                               0.012                               
  Degree of optic disc atrophy                       Body mass index                     0.047
  Nocturnal systolic blood pressure                  0.030                               
  CD-R                                               0.001                               
  Nasal quadrant NFL thickness loss                  Nocturnal systolic blood pressure   0.009
  Nocturnal mean blood pressure                      0.017                               
  CD-R                                               0.047                               
  Temporal quadrant NFL thickness loss               Refractive profile (myopia)         0.012
  Superior quadrant NFL thickness loss               Body weight                         0.024
  Body mass index                                    0.019                               
  Diurnal systolic blood pressure                    0.021                               
  Diurnal mean blood pressure                        0.028                               
  Inferior quadrant NFL thickness loss               OPA1 IVS8+32 T-\>C                  0.014
  Age                                                0.044                               
  Central corneal thickness                          0.000                               
  Refractive profile (myopia)                        0.004                               

CD-R=Cup/disc ratio of optic disc, NFL=Nerve fiber layer, IVS8=Intervening sequence 8, OPA1=Optic atrophy 1

Discussion {#sec1-4}
==========

Some factors are recently thought to be related to NTG, which including the reduced ocular blood flow,\[[@ref11]\] reduced ocular perfusion pressure or circadian fluctuation,\[[@ref12]\] inadequate regulation\[[@ref13]\] and vasospasms or vasoconstriction effect, nocturnal hypotension,\[[@ref14]\] low intracranial pressure,\[[@ref15]\] and even sleep apnea.\[[@ref16]\] However, these findings could not explain all cases with NTG universally.

In this study, we also find that some blood pressure relative factors are associated with the clinical presentation of our NTG patients. Patients with lower nocturnal systolic blood pressure and nocturnal mean blood pressure tended to show more severe visual field lost and more severe retinal NFL thinning to some degree. Moreover, it is interesting that this nocturnal blood hypotension seems relatively affect the loss of nasal quadrant retinal NFL than all other 3 quadrant. We also find that the thickness of temporal and inferior quadrant retinal NFL in our NTG patients is related with their refractive profile. This might be due to the altered optic disc structure in high myopic patients.

Some findings in recent studies support that glaucomatous or ischemic eye disorders could also be related to reactive oxidative stress and mitochondrial dysfunction. They reveal that OPA1 polymorphism IVS8 + 32 t\--\>c or IVS8 + 4 c\--\>t could be related to NTG or low tension glaucoma,\[[@ref7][@ref8][@ref9][@ref10]\] and could also be related to the diagnosed age of open-angle glaucoma.\[[@ref17]\] In those studies focused on the effect of increased IOP in glaucoma model, the expression of OPA1 gene was downregulated with increased mitochondrial fission, increased release of OPA1 protein and cytochrome c from mitochondria into cytoplasm.\[[@ref18][@ref19]\] These facts further strengthen that there might be some relationship between the OPA1 gene and the etiology of glaucoma.

Different ethnic groups may have genetic heterogeneity and have different genetic pathogenesis of NTG. For example, OPA1 polymorphism IVS8 + 32 t\--\>c is reported to be significantly related with NTG in Caucasians in the United Kingdom\[[@ref20]\] and Japanese,\[[@ref17]\] but not significantly in Korean\[[@ref21]\] and African--Caribbean from West Indies.\[[@ref22]\] It is a pity that we cannot find any other research which focuses on the relationship between OPA1 polymorphism and NTG in Taiwan. These data might also be important that the etiology of NTG could be different due to the racial difference.

In the present study, we prove that OPA1 IVS8 + 32 T-\>C polymorphism could also be found in Taiwan NTG patients. We also find that those patients with or without the OPA1 IVS8 + 32 T-\>C polymorphism showed different clinical characters. NTG patients with OPA1 IVS8 + 32 T-\>C polymorphism tend to have more nasal step VFD than wildtype, and they also have a relatively thinner thickness of the retinal NFL in inferior quadrant. If this is true, this pattern of visual field changes and NFL lost could be link to mitochondrial dysfunction related glaucoma. Since mitochondrial dysfunction could also affect the cellular function of the whole body, further detail survey for the function of other tissues and organs might be necessary for these patients. Moreover, it will be interesting to survey the effect of anti-oxidant therapies or other mitochondrial protective strategies in these mitochondrial dysfunction related glaucoma patients.

There are several limitations of this pilot study.First, there might be many factors other than OPA1 polymorphism which still contribute the phenotype of glaucoma, and our case number is not large enough to reduce the interference of other factors. Second, it is inexorable to have some bias in comparison due to the design of this study which uses the ocular data from two eyes from each patient as two data. Finally, we do not have the data of those people with OPA1 polymorphism but without clinical signs of glaucoma. To improve the quality of this study, we will expand the case number and add a control group in future to get more information about the role of OPA1 polymorphism in NTG.

Conclusions {#sec1-5}
===========

We present this particular relationship between OPA1 polymorphism IVS8 + 32 T-\>C and certain specific clinical characters of NTG in Taiwan. To the best of our knowledge, this is the first report about OPA1 polymorphism related glaucoma in Taiwan. Even though our findings are far from clear enough to serve as guides for the differentiation of NTG etiologies, they still give us a glimpse of the impact of OPA1 in chronic optic neuropathy.
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